Many cytological studies have been carried out to detect the harmful effect of different pesticides on different plants (Grover and Tyagi 1980 , Njagi and Goplan 1981 , Mousa 1982 , Reddy and Rao 1982 , Soriano 1984 , Amer and Farah 1985 , Amer and Ali 1986 , EL-Khodary et al. 1987 .
Many cytological studies have been carried out to detect the harmful effect of different pesticides on different plants (Grover and Tyagi 1980 , Njagi and Goplan 1981 , Mousa 1982 , Reddy and Rao 1982 , Soriano 1984 , Amer and Farah 1985 , Amer and Ali 1986 , EL-Khodary et al. 1987 .
The herbicide 3, 5, 6 trichloro-2-pyridinyloxy-acetic acid, is also known as Garlon-4 . The active chemical ingredient in Garlon herbicide is triclopyr.
In both the laboratory and the field, triclopyr has demonstrated highly effective control of many woody plants and broad leaf weeds.
The present investigation was carried out to study the cytological effect of the herbicide Garlon-4 on the process of mitosis in root tips of Allium cepa.
Materials and methods
Pure strains of bulbs of Allium cepa (variety Giza-6) were used as plant test material. Roots while intact, were treated with different concentrations of the herbicide, Garlon-4, ranging from 28ppm to 38400ppm for 3, 6, 12 and 24 hours. The beakers containing Gest solutions were agitated after every 30 minutes since the chemical left a settling suspension.
Roots were fixed immediately in acetic alcohol (1:3) for 24 hours.
Examination of the roots was done in permantent root tip squash preparation stained by the Feulgen technique.
Three replicates were preformed for each treatment and the control, and scoring was made from three roots of each replicate. The mitotic index was calculated for each treatment as a number of dividing cells/100cell. The data obtained from the different treatments were statistically analysed.
Results and discussion
The herbicide in the present study caused a change in the frequencies of the different stages. Their frequencies depend on the duration of treatement and concentration of the chemical ap plied. The frequency of prophase increased after treating the root tips of Allium cepa with low concentrations.
With higher concentrations and long periods of treatement, the frequency of prophase dorpped and an increase in the metaphase frequency was noticed (Table 1) . These changes in the stages of mitosis indicate that Garlon affects the relative duration of each stage a number of cells from entering the prophase, state at interphase. Such reduction in the mitotic activity could be due to inhibition of DNA synthesis (Schneiderman et al. 1971) . Beu et al. 1976 also showed that eposing the root tips of Vicia faba to high concentrations of the herbicide (Paraquate), led to inhibition of DNA synthesis. This may suggest that Garlon-4 could have the same effect. Other pesticides caused mitotic inhibition in the root tip meri stems of Allium cepa and Vicia faba as reported by Mousa (1982) and Amer and Ali (1983, 1986) .
As could be seen from Table 1 , the concentrations ranging from 28ppm to 38400ppm of Garlon induced cells with chromosome aberrations, the perecentages of which are highly signifi cant, except the lowest one (28ppm) which had no significant effect after 6hours and induced a statistically significant percentage of abnormal mitoses from the control after 12 hours of the treatment.
The different kinds of chromosomal aberrations were presented in Table 2 and Figs. 1-18. Abnormal prophase with irregular chromosomes appeared (Fig. 1) .
In roots treated with high concentrations of the herbicide and for a long period, a high level of chromosomal stickiness in metaphase stage takes place ( Fig. 2 and Table 2 ). Similar results were obtained after treatment with the insecticide Methamidophos (Amer and Farah 1985) and the herbicide Dual (El-Bayoumi et al. 1987 ).
The most common type of abnormality observed with all the concentrations and periods of treatment was c-metaphase kFigs. 3, 4 and Table 2 ). This type of abnormality was produced as a result of inhibition of spindle fibre formation. In this case it causes an arrest mainly at metaphase. Such an arrest may be one of the causes for MI inhibition. C-anaphase (Fig. 5 ) was observed in roots treated with some Garlon concentrations, as a result of c-metaphase. In this respect, it may be mentioned that the herbicide Garlon has the ability to induce polyploidy in Allium cepa root tips as seen in Figs. 6 and 7. These results are in agreement with the results obtained for those chemicals which show an effect like colchicine, such as mercury compounds (Ramel 1969) , Trifluraline (Delcourt and Deysson 1976) and Igran (El-Khodary et al. 1987) .
The different treatments with Garlon induced a considerable percentage of disturbed meta and anaphases in the normal orientation (Figs. 8, 9 and Table 2 ).
Star metaphase was observed (Fig. 10) ; such type was also observed after treatment of Vicia faba roots with 'Rogor' (Amer and Farah 1974) , and considered as being a fore-step of the complete disturbance of the spindle (Amer 1966) . Laggards in meta and telophase stages (Figs. 11, 12) and tripolar anaphase (Fig. 13) were also observed in Allium cepa roots in a very few percentages after some treatments with Garlon concentrations (Table 2) .
Another interesting abnormality noticed in the present study is the appearance of ana and telophase bridges in root tips of Allium cepa involving one or more chromosome (Figs. 14, 15) . In such case, the bridge is due to the general stickiness of the chromosomes at metaphase stage. This type of anomaly was observed also in the mitosis of Vicia faba after treatment with the organophosphorous insecticides: Leptophos, Dursban and Methamidophos (Amer and Farah 1979 , 1983 , 1985 .
In addition to the above mentioned types of abnormalities, few interphase cells with micro nuclei (Fig. 16) , bi-and multinucleated cells (Figs. 17, 18) were also observed, such micro nuclei may originate from lagging chromosomes which were observed in the mitotic stages ( Table 2) .
The effect of Garlon-4 on root mitosis simulates that of colchicine in the type of abnormal meta and anaphases (c-metaphase and c-anaphase) and the induction of polyploid cells as well as accumulation of the metaphases.
Summary
The effect of the herbicide (Garlon-4) has been studied on root mitosis of Allium cepa (v. Giza-6). It contains triclopyr as an active ingredient and its chemical formula is 3, 5, 6 trichloro 2-pyridinyloxy-acetic acid. Root tips of Allium cepa were treated with a series of concentra tions, ranging from 28ppm to 38400ppm for 3, 6, 12 and 24 hours. Examination of the roots was done in permanent root tip squash preparations stained by the Feulgen technique.
Garlon affects the relative duration of each mitotic stage as compared with the control. It also caused reduction in mitotic index, indicating mitotic inhibition, and increase in the frequency of abnormal mitoses, the precentages of which are highly significant, except the lowest concent ration (28ppm) which had no significant effect after 6 hours and induced a statistically signi ficant percentage of abnormal mitoses from the control after 12 hours of the treatment.
The types of abnormalities induced included: chromosome stickiness, c-metaphase, c anaphase, tetraploid and restitution nucleus, star metaphase, laggards, bridges, tripolar, and disturbed meta-and anaphases.
Micro-and binucleate cells as well as multinucleated cells at the interphase stage were also observed.
The effect of Garlon-4 on root mitosis simulates that of colchicine in the type of abnormal meta-and anaphases (c-metaphase and c-anaphase) and the induction of polyploid cells as well as accumulation of metaphases.
